Objective: Evaluate the role of different types of physical activity (PA) and diet on overall and central obesity incidence. Methods: A cohort study with 1621 adults was conducted in an urban Portuguese population. Anthropometrics were objectively obtained during 1999-2003 and 2005-2008. Overall, obesity was defined by a body mass index (BMI) ≥ 30.0 kg/m 2 and central obesity by a waist circumference (WC) > 88.0 cm in women and >102.0 cm in men. Usual PA and dietary intake were assessed using validated questionnaires. Analyses of obesity incidence were conducted through different types of PA and a "healthy" dietary score. Results: Significant inverse associations were found between leisure-time PA and obesity incidence, namely among subjects classified into the last tertile of energy expenditure, who had approximately a 40% lower risk of developing the disease. Despite higher energy intakes, individuals with a high Physical Activity Level (PAL > 1.60) were significantly protected against obesity incidence, relative risks (RR) = 0.25 (0.09-0.72) and RR = 0.47(0.27-0.94), for overall and central obesity, respectively. No significant associations were found between dietary score and obesity incidence rates. Conclusions: In our population, leisure-time PA played a significant role in preventing obesity. In both overall and central obesity, PAL above 60% of the resting metabolic rate and moderate energy intake seem to strike the right balance to prevent obesity.
Obesity is associated with increased risk of morbidity and all-cause mortality. 1 The world has experienced a marked increase in the prevalence of overweight and obesity, an upward trend that has continued into the 21st century. 2, 3 The same tendency has been observed in the Portuguese population. 4, 5 These increased trends of overall and central obesity are, in part, the result of an imbalance between energy expenditure and intake, leading to the hypothesis that changes in dietary and physical activity (PA) behaviors could reverse the obesity epidemic. 6 Some evidence suggests that low levels of physical activity may be contributing to an increased prevalence of obesity, although more studies are needed to provide better approaches on obesity prevention, 7 namely how the industrialized world can achieve the right balance in energy expenditure and intake. In adults, physical activity can be divided into leisure-time physical activity (LTPA), and activity performed in daily life, as occupational physical activity. Low and moderate LTPA showed to be effective in reducing age-related weight gain. [8] [9] [10] However, research on the role of different types of PA on the development of obesity is inconsistent. In addition, when observational studies discuss the amount of activity required for the primary prevention of weight gain, the authors acknowledge that "definitive data is lacking." 11 The effect of diet patterns on overall and central fat stores is also controversial. 12 Smaller gains in Body Mass Index (BMI) and Waist Circumference (WC) were observed in individuals with a higher adherence to a healthy pattern of dietary intake. 13 At the same time, concerns were expressed that the Mediterranean diet may promote weight gain. 14 The cross-sectional relationship between diet, PA, and obesity is well established. [15] [16] [17] However, it appears that actions to assuage the obesity epidemic have not been very effective to date. 5 Available longitudinal information on the possible effect of dietary pattern and PA on BMI, and other anthropometric measures, is scarce, emphasizing the importance of monitoring both modifiable risk factors and the outcome of interest. Specifically, in the Portuguese population, where overweight/obesity trends have reached alarming proportions, longitudinal data at population level, reporting obesity incidence estimates and the specific role of PA and diet, controlling for different exposures, does not exist. Therefore, our objective was to evaluate the role of different types of physical activity and the adherence to a healthy dietary pattern on overall and central obesity incidence, using a representative sample of urban Portuguese adults.
Methods Subjects
Participants form part of the EPIPorto study, a cohort study comprising a representative sample of 2485 Portuguese adult residents (61.8% women) of Porto, an urban center in northwest Portugal with approximately 300,000 inhabitants. As previously described, 18 participants were recruited by random digit dialing using households as the sampling unit. Once a household was selected, all residents were identified by age and sex, and 1 resident (minimum age of 17 years) was randomly selected as the respondent, without allowing for replacement refusals. The local ethics committee of S. João Hospital, a university hospital, approved the study protocol. All participants gave written informed consent to participate in the study, which was carried out in accordance with the Helsinki Declaration.
The participants' first evaluation was performed between 1999 and 2003, and the reevaluation of the cohort was carried out between 2005 and 2008. Individuals were monitored based on anthropometric characteristics, among others, to obtain updated information regarding the development of overweight and obesity. During the first evaluation, a participation rate of 70.0% was achieved, 18 and 66.1% of the total cohort was reevaluated.
Data Collection
Study participants were invited to visit the University of Porto Medical School's Department of Hygiene and Epidemiology to be evaluated. Information was collected by trained interviewers using a structured questionnaire comprising questions on social, demographic, and personal and family medical history, as well as behavioral characteristics (diet, physical activity, smoking, and alcohol intake). Both interviews and measurements were carried out in our Department on the same morning.
Education and Smoking Habits Data
Education was recorded as completed years of schooling. Smoking habits were also reported and participants were classified based on World Health Organization categories 19 as never-smokers, ex-smokers (at least 6 months without smoking), and current smokers, including daily (at least 1 cigarette a day) or occasional smokers (less than 1 cigarette a day). Subjects who had quit smoking less than 6 months prior were considered current smokers.
Anthropometric Data
Anthropometrics were obtained by trained health professionals, with participants wearing light clothing and no footwear, and having fasted for at least 12 hours. Body weight was measured with a digital scale (SECA, Columbia, USA) to the nearest 0.1 kg, and height was measured with a wall stadiometer (SECA, Hamburg, Germany) to the nearest centimeter with participants in a standing position.
Overall obesity was defined through BMI, and participants were classified according to the World Health Organization (WHO) categories and nomenclature as underweight to normal weight (BMI < 25.0 kg/m 2 ), overweight (BMI 25.0-29.9 kg/m 2 ), and obese (BMI ≥ 30.0 kg/m 2 ). 20 Due to the low sample size in the underweight category [(BMI < 18.5 kg/m 2 ) 1.2% of the individuals at risk], we pooled subjects in this category with normalweight individuals.
Central obesity was defined by waist circumference (WC), measured as the perimeter midway between the lower limit of the rib cage and the iliac crest to the nearest centimeter. Subjects were measured in a standing position with a flexible, nondistensible tape to avoid exerting pressure. Individuals with central obesity were classified according to the WHO criteria: 20 WC > 102 cm for men and WC > 88 cm for women.
Incidence rates were reported per 100 person-years with respective 95% confidence intervals (95% CI). Subjects classified as obese at the baseline evaluation were excluded (n = 349 with BMI ≥ 30.0 kg/m 2 , and n = 494 with WC > 88 cm for women and 102 cm for men). Thus, 1272 individuals at risk for developing overall obesity and 1123 individuals at risk for developing central obesity remained. Out of these individuals, 1250 (98.3%) and 1106 (98.5%), respectively, had baseline data regarding dietary intake and energy expenditure.
Physical Activity Assessment
Physical activity was assessed using a validated questionnaire exploring all professional, domestic, and leisuretime activities in adults. 21 To calculate physical activity energy expenditure, we used standard metabolic equivalent (MET) values. The MET definition measures the rate of energy expenditure in a given activity compared with the resting metabolic rate (RMR). 22 Participants were asked to report the average time per day, week, or month they spent on different types of activities: rest (sleeping or sitting/lying awake); transport to or from work (walking, motorized vehicle, or other); professional activity (very light, light, moderate, and heavy); household activities (very light, light, and moderate); and leisure-time activities, which included very light activities (watching TV, playing cards, reading) as well as exercise (light, moderate, and heavy). Activities were categorized according to intensity-very light, light, moderate, or heavy-with an average of 1.5, 2.5, 5.0, and 7.0 METs, respectively. 23 Energy expenditure was estimated by multiplying the related MET by the self-reported time spent in each activity (hours/day). Full day energy expenditure included energy expended in any activity (sleep, work, housework, and leisure-time activities). Occupational activities included work and household activities, and leisure-time physical activity involved only activities such as watching television and different types of exercise.
After having assessed total energy expenditure (TEE), based on the physical activity questionnaire, we calculated the Physical Activity Level (PAL). PAL has become the standard method of expressing total daily energy expenditure in multiples of the resting metabolic rate (PAL = TEE/RMR). 24 Individuals were classified into different types of physical activity, namely occupational and leisure-time, using the METs unit as a multiple of RMR (MET-h/day). Individuals were distributed into tertiles of occupational and leisure-time PA; and different levels of PAL [low (<1.45), moderate (1.45-1.60), and high (>1.60)] were used as risk factors to develop obesity. 25 
Dietary Assessment
Dietary intake during the previous year was based on a validated semiquantitative food-frequency questionnaire (FFQ). 26, 27 The questionnaire comprised 82 food and beverage-item categories, as well as a frequency section with 9 possible options, which ranged from "never" to "6 or more times per day." Participants were asked to indicate the average frequency of consumption during the preceding year, as well as the portion size based on a photograph manual with 3 size options (small, medium, large) for each food item. Foods not included in the FFQ food list but eaten regularly ("once a week or more") were listed in an "observations" section. Nutrient intake was obtained using Food Processor Plus software (ESHA Research), based on food tables from the U.S. Department of Agriculture complemented with data from Portuguese food composition tables, 28 typical recipes, and data from previous studies that analyzed the composition of Portuguese foods. 26 Information on intake over the past year of different types of alcoholic beverages (wine, beer, and spiritsliquors, gin, rum, vodka, cocktails, or other mixed drinks) was assessed with the same validated semiquantitative FFQ. Total alcohol intake was calculated using an algorithm that assumed the following alcohol concentrations in volume and beverages median portion sizes: 12% for wine (125 ml), 4.7% for beer (330ml), 25% for liquors and similar beverages (40 ml), and 50% for vodka and the like (40 ml). Different classes of alcohol consumption were defined to analyze the determinants of obesity incidence, and subjects were classified as: nondrinkers (0 g/day); moderate drinkers (alcohol >0 and ≤15.0 g/ day for women and alcohol >0 and alcohol ≤30.0 g/day for men); and heavy drinkers (alcohol >15.0 g/day for women and alcohol >30.0 g/day for men). 29 The dietary score used in the current study was adapted from previous studies [30] [31] [32] that included different food components when defining the Mediterranean dietary pattern. The present dietary score definition included 11 components: 1) olive oil, 2) pulses, 3) fresh fruits, 4) vegetables, 5) fish, 6) low-fat dairy products (skimmed and semiskimmed milk and yogurts), 7) meat/ meat products, 8) high-glycaemic index foods (white bread, rice, pasta), 9) high-fat dairy products (whole milk and cheese), 10) pastry and cakes, and 11) alcoholic beverages. For the consumption of components presumed to be close to the Mediterranean dietary pattern (the first 6 components), scores of 1, 2, 3, 4, and 5 were assigned, representing quintiles of intake. For the remaining components (7 to 10), inverse scores were assigned. For the alcohol consumption, scores ranging from 0 to 4 were assigned: "0" for alcohol consumptions of > 30 g/d (women) and > 60 g/d (men); "1" for nil consumptions in both sexes; "2" for alcohol consumptions of 0.1 to 15.0 g/d (women) and 0.1 to 30.0 g/d (men), provided by alcoholic beverages others than wine; "3" for alcohol consumptions of 0.1 to 15.0 g/d (women) and 0.1 to 30.0 g/d (men), provided by < 100 ml (women) and 200 ml (men) of wine; "4" for alcohol consumptions of 0.1 to 15.0 g/d (women) and 0.1 to 30.0 g/d (men), provided by at least 100 ml (women) and 200 ml (men) of wine. Individuals were distributed into tertiles of total energy intake and of dietary score (the higher tertile corresponds to a greater adherence to the Mediterranean diet), that were used as risk factors for developing obesity.
Statistical Analysis
The mean (standard deviation) number of years between evaluations for individuals at risk for obesity was 5.0 (2.5). For individuals who did not develop overall or central obesity, the time at risk was considered as the total time between the first and the second evaluations. For incident cases, the time to obesity development, defined when BMI reached 30.0 kg/m 2 or WC reached 88 cm for women and 102 cm for men, was determined by linear interpolation using time information from the visit at which obesity was determined and the previous visit.
In univariate analysis (Table 1) , we compared the sociodemographic, anthropometric, and behavioral characteristics, among individuals at risk for overall and central obesity that participated and those who did not, using parametric and nonparametric tests (Student's t test and Kruskal-Wallis test, respectively, for testing equality of population means among groups; and chi-squared test to compare proportions between groups).
To estimate the magnitude of the association between obesity incidence and different types of physical activity, energy intake, and the dietary score, relative risks (RR) and 95% confidence intervals (95%CI) were computed using Poisson regression. In the multivariate models, other covariables such as gender, age, education, baseline BMI, alcohol and tobacco consumption, energy intake, and leisure-time physical activity, were used as possible confounders.
After testing for the interaction between PAL and gender on obesity incidence (P = .877), and between total energy intake and gender (P = .458), we pooled sexes, in that way increasing the power of the estimations performed.
Data were analyzed using the statistical software STATA version 9.0.
Results
The present analysis included a final sample of 1272 individuals at risk for overall obesity and 1123 individuals at risk for central obesity, with 2 anthropometry evaluations. In comparison with the individuals who did not participate in the follow-up assessment (532 participants with anthropometry assessed only at baseline), no significant differences were found regarding gender, age, BMI, WC, PAL, alcohol and tobacco consumption, and total energy intake. Significant differences between groups (at risk for overall obesity vs. refusals; at risk for central obesity vs. refusals) were found for education level (9.4 vs. 9.2 years, P = .009; 9.8 vs. 9.2 years, P = .007, respectively) ( Table 1) . Table 2 provides the effect of sociodemographic and behavioral characteristics on overall and central obesity incidence. In crude analysis, overall obesity incidence risk was lower in men and in more educated individuals; RR (95% CI) of overall obesity increased significantly according to classes of age (18-44; 45- . As in overall obesity, significant associations were found for age and education on central obesity. In addition, alcohol and tobacco consumption were inversely associated with central obesity development.
Independently of gender, age, education, baseline BMI, total energy intake, and alcohol and tobacco consumption, individuals classified in the second and third tertile of occupational PA had a significantly higher risk of developing overall obesity: RR (95% CI) = 1.87 (1.07-3.24), RR = 1.86 (1.05-3.28), respectively (Table  3 ). Significant inverse associations were found between leisure-time PA, and both overall and central obesity incidence, especially among subjects classified in the last tertile, who had a 40% lower risk of developing the disease.
Concerning dietary data, after age standardization for Porto population and in multivariate analysis, no significant associations between the energy intake or the dietary score and obesity incidence were found (Table 3) . Table 4 shows the risk of obesity incidence, taking into account the participants' total energy intake (kcal/d) and energy expenditure (PAL). Independent of total energy intake, significant inverse associations were found in individuals with PAL above 60% of RMR, particularly in subjects with moderate energy intake (second tertile), RR (95% CI) = 0.25 (0.09-0.72) and 0.47 (0.27-0.94), for overall and central obesity respectively.
Discussion
In this prospective study, a strong inverse association was observed between LTPA and both overall and central obesity incidence. An effect from the type of PA was observed; the direction of the association reverses when occupational PA was considered. No independent effect of energy intake or healthy dietary pattern was observed on overall or central obesity incidence.
The protective effect of LTPA is consistent on both overall and central obesity incidence, and the magnitude of the association was clear, with approximately a 40% of protection on the risk of developing the disease in individuals who engaged in the highest leisure-time PA level. Our results are supported by other studies, which observed the same direction on the association between LTPA and weight gain. 8, 10 We also found a significant association between occupational PA and overall obesity incidence although in the opposite direction. With increasing energy expenditures of occupational PA, we observed an increased risk of overall obesity development.
Data are somewhat mixed, with some studies reported an association between lower body weights and greater occupational physical activity levels; 33, 34 while others reported no associations between occupational PA, BMI, and WC parameters. 35, 36 A possible explanation for our results is that a positive association between heavy physical work and a high level of fitness exists, as previously found by a study carried out with young workers. 37 In this study, men doing heavy physical work scored better on cardio-respiratory fitness, handgrip strength, and trunk muscle endurance than men doing lighter work. 37 Therefore, individuals engaged in high levels of occupational PA probably developed more fat-free mass and consequently an increased BMI, supporting the positive association. When central obesity was considered, this association did not remain significant, as so, we believe that the noneffect on abdominal fat is a clear indicator that the weight change in participants engaged in high levels of occupational PA was mainly from fat-free mass. Some controversial results appear when professional PA is taken into account, namely on the relationships with health outcomes. 38, 39 For a better understanding of the effect of occupational energy expenditure on body composition, further research is needed. A systematic review 17 exploring the relationship between physical activity and weight gain in adults showed that data from cohort studies were not consistent about the predictive effect of baseline PA on subsequent weight gain. More recently, an updated review was published that outlined 14 observational studies, and more recent studies often reported associations in the expected direction. 15 Our data reinforce the important role of energy expenditure on obesity prevention, namely from leisure-time activities.
While basic physiological principles dictate that usual energy intake must exceed expenditure for weight gain to occur, relatively few cross-sectional or prospective studies have proved this effect, presumably due to limitations in the methodology for collecting data at a population level and in free-living conditions. Indeed, research has shown very few clear nutrient or foodbased determinants of obesity. 16 Some observational studies showed a significant inverse relation between the adherence to the Mediterranean dietary pattern and the prevalence of obesity, 40, 41 while other studies did not find the expected association. [42] [43] [44] A recent study conducted in Italy 43 provides evidence that, after adjustment for energy intake, socioeconomic status, and major lifestyle habits, adherence to the main components of a Mediterranean diet is unrelated to BMI and waist-to-hip ratio. In the Greek component of the European Prospective Investigation into Cancer and Nutrition (EPIC) study, 44 no significant relationship was found with the adherence to Mediterranean diet and BMI, although was weakly related to waist-to-hip ratio in women.
Longitudinal analyses carried out on the SUN cohort of adults 42 found that participants in the first quartile of the score (lowest adherence to the Mediterranean pattern) experienced a higher weight gain (+0.73 kg) than those in the top quartile (+0.45 kg). These results argue in favor of an inverse dose-response relationship; however, the inverse association did not remain statistically significant after adjusting for relevant confounders. Our Portuguese longitudinal study follows the results previously reported, with no evidence on an association between a healthy dietary pattern and the development of overall or central obesity.
In our sample, 95.0% of the overall obesity incident cases, and 77.7% of the central obesity incident cases, were overweight at baseline (data not shown). Hence, the majority of the incident cases already had excess weight at the baseline evaluation. Adults claim to eat more of some foods than they actually do, especially those conventionally considered "healthy," and claim to eat less of others. In our results, we could admit some bias on reporting dietary intake, as previously described as typical in individuals with excess weight. 45 Additionally, Willett underlines that studies usually find no relationship between energy intake and body weight, due to some combination of under-reporting by the overweight individuals and differences in metabolism and physical activity levels of these subjects. 46 In the current study, individuals with high PAL (>1.60) and those in the second tertile of energy intake were significantly protected from developing obesity, RR = 0.25 (0.09-0.72) and RR = 0.47 (0.27-0.94), for overall and central obesity, respectively. It would appear that energy expenditure requirements above 60% of RMR were needed to prevent the development of obesity, even in individuals with higher energy intakes. Our findings are supported by a study conducted on healthy male adults from the Aerobics Center Longitudinal Study, 25 in which increasing or maintaining a daily PAL of at least 60% above the resting metabolic rate was necessary to maintain body weight over time. This goal could be easily achieved by incorporating 45 to 60 minutes of brisk walking, gardening/yardwork, or cycling into one's daily routine. In addition, our study estimates, in the final models, account for total energy intake and "diet quality" control, increasing the accuracy of the data.
In our prospective research, we were not able to assess PA using more objective methods, such as accelerometry, which could be considered as a potential limitation. However, the PA questionnaire used was shown to be a valid and reproducible method for assessing PA in adults, and additionally efforts were made by training the interviewers, and periodically supervising their work. Measurement errors regarding obesity definition do not appear to be a limitation in this study, because the outcomes of interest (weight, height, and waist circumference) were objectively measured by trained observers using standard procedures.
Losses to follow-up due to death or the inability to complete the study examination are inherent problems of any longitudinal study, and may have, to some extent, biased the results. Despite of this, we found no differences in sex, age, BMI, WC, PAL, total energy intake, alcohol and tobacco consumption between the eligible participants in the current study and individuals who did not participate in the follow-up assessment, with exception of educational level. This fact could result in an underestimation of obesity incidence rates, thus contributing to lower number of cases in our sample.
In the current study, we did not exclude individuals with medical conditions that could impair their function in daily life, however since it is a population-based study and participants were not obese at baseline, we expect that the associations found were not affected.
Also, since we did not regularly monitor weight changes over the follow-up period, we were unable to determine the exact point in time at which participants became obese. To reduce this limitation, we determined the time at risk for incident cases by linear interpolation. Another limitation of the study is that the vast majority of the incident cases of obesity were already overweight at baseline, and we cannot exclude that overweight individuals had a lower engagement in this type of physical activities later. Because of this, we adjusted the final models for the baseline BMI, and the significant effect of leisure-time on obesity incidence remained.
Conclusion
The present research is the first Portuguese longitudinal data that underscores the significant role of leisure-time PA on overall and central obesity incidence. These results support the need for public health messages that promote an increase in physical activity for weight management and a reduction in age-related weight gain, particularly in populations in which sedentarism and overweight/obesity is so marked, as is the case in the Portuguese population.
